SUMMARY A biochemical screening scheme on agar media for differentiating Enterobacteriaceae in a hospital laboratory is evaluated. Careful observation of test reactions within the scheme permitted the recognition of 78 biotypic reaction patterns which could contribute to epidemiological surveillance. The limitations of the technique are described and discussed and methods of importance in ensuring the reproducibility of reaction patterns emphasised.
Many workers have described biochemical schemes for identifying Enterobacteriaceae (Carpenter et al., 1966; Rosner, 1970; Chadwick et al., 1974; Lassen, 1975) and several commercially available systems have been evaluated (Tomfohrde et al., 1973; Nord et al., 1975) .
The scheme described here is based on biochemical tests which have been shown over a long period to give reproducible and clear results. The small and specific number of tests chosen was based on our experience of the relative occurrence of genera and species and designed to allow the simplest identification scheme for the Enterobacteriaceae commonly isolated in this laboratory. Other evidence shows that this distribution of isolates is not uncommon in other routine medical laboratories (Rosner, 1970; Berger and Einecke, 1973; Chadwick et al., 1974) .
The tests adopted included many of those considered by Chadwick et al. (1974) to be valuable in the definition of the major taxa proposed by Edwards and Ewing (1962) . The value of aesculin hydrolysis (Wasilauskas, 1971 ; Barr and Mahood, 1977) and inositol fermentation (Donovan, 1966; Barr and Mahood, 1976) in differentiating the KlebsiellaEnterobacter-Serratia group from other Enterobacteriaceae has already been established, and Proteus spp and Providencia spp are differentiated from other Enterobacteriaceae and from one another on the basis of phenylalanine deaminase and urease activity. Other tests, including tryptophanase activity, growth in presence of potassium cyanide, citrate Received for publication 29 November 1976 utilisation, and colony colour and hydrogen sulphide production on xylose-lysine deoxycholate medium (XLD medium; Taylor, 1969) , contributed to the differentiation of Citrobacter spp and Escherichia coli and aided differentiation among other genera. Ornithine decarboxylase activity differentiatesEnterobacter spp and Serratia spp from other Klebsielleae and aids differentiation between Proteus spp. These tests have allowed a differentiation of the vast majority of clinical isolates of Enterobacteriaceae into the major taxa described by Edwards and Ewing (1962) .
It should be noted that variations in either the rate or degree of specific enzyme action may allow differentiation between genera or between species in a standardised system. Thus the degree of aesculin hydrolysis and inositol fermentation may indicate species or biotype differences among Klebsielleae (Barr and Mahood, 1976) .
This system, by highlighting unusual biotypic reaction patterns of individual genera or species, may often allow recognition of patterns of biochemical results which may be of value in epidemiological studies. This may be recognised in the incidence of tryptophanase-positive isolates of Enterobacter spp, Klebsiella aerogenes, and Proteus mirabilis and by variations in production of hydrogen sulphide by P mirabilis and Citrobacter spp on XLD and inositol-hydrogen sulphide-motility media.
In these laboratories we have tried to demonstrate the importance of inoculum size, incubation time, and reproducibility in the semi-quantitative interpretation of individual biochemical results on the performance of the scheme. (1974) .
Ornithine decarboxylase agar, derived from the fluid medium of Fay and Barry (1972) , was prepared in 1-5 % agar (Oxoid LI 1). The inositol-hydrogen sulphide-motility medium and potassium cyanide medium were prepared as described by Barr and Mahood (1977) . Urease medium was that proposed
by Christensen (1946) with the modifications described by Cowan (1974) . Replidishes (Sterilin Ltd) were used throughout, 3 ml of each medium, except inositol-hydrogen sulphide-motility medium (4 ml) being dispensed in each compartment.
For standard cultures and 50 clinical isolates biochemical tests were also carried out by classical methods as described by Cowan (1974) . Bacterial isolates not identified on screening media were identified after further tests-namely, arabinose fermentation (1 4 peptone water); lysine decarboxylase activity (Decarboxylase base (Difco) according to Moller, 1955) , and methyl-red and VogesProskauer tests (Cowan, 1974 , using the method described by Barritt, 1936) .
The quality of all screening media was controlled by regular testing with standard cultures of known reaction.
PREPARATION OF INOCULA
Inocula for screening media were prepared by transferring at least one colony from a primary isolation plate into peptone water and incubating at least 4 hours at 37°C to obtain a culture of optical density 0-2-0-5 at 700 ,um as measured by a Hilger spectrophotometer. A practised eye can quickly judge a turbid culture to be within or significantly below this range of optical density.
Sequential tenfold dilutions of this inoculum were prepared in 9 ml distilled water and estimates of total viable cells calculated by the method of Miles and Misra (1938) .
Inositol-hydrogen sulphide-motility medium was inoculated using a sterile straight platinum wire. Other media were inoculated with one drop, about 0-02 ml, of peptone water culture or a derived dilution from a sterile Pasteur pipette.
CONDITIONS OF INCUBATION
The peptone water culture used for inoculation of agar media was reincubated for a further 16 hours and used for detecting tryptophanase activity. Aesculin hydrolysis and inositol fermentation were recorded in a semi-quantitative manner as previously described Mahood, 1976, 1977) . The degree of aesculin hydrolysis was recorded as strong (2 +), complete colour change within inoculation compartment; weak (1+), hydrolysis in the immediate area of bacterial growth; and (-) no hydrolysis. Inositol fermentation was recorded as (3 +), complete indicator colour change within inoculation compartment; (2+), distinct zone of indicator colour change along line of stab inoculation, and (-) in the absence of fermentation.,
To ascertain the effect of inoculum size on test results on screening media the response of tenfold serial dilutions of bacteria representative of the major genera and species were evaluated by the methods described above.
IDENTIFICATION OF CLINICAL ISOLATES
Bacteria were identified as far as possible on the basis of results obtained on screening media. However, in an exploratory study with culture collection bacteria and 50 clinical isolates of Enterobacteriaceae biochemical tests were also carried out in parallel in classical fluid media. When these tests failed to give species identification (orwith Citrobacter genus definition) bacteria were further tested and identified according to the methods described by Cowan (1974) .
In the subsequent study isolates which on screening media alone failed to allow species identification were further tested by methyl-red Voges-Proskauer, arabinose fermentation, and lysine decarboxylase tests. Routinely no attempt was made by further biochemical testing to differentiate between Klebsiella aerogenes, K edwardsii, and K atlantae; to delineate species among Citrobacter isolates; or to give species definition to atypical Proteus isolates.
Results

COMPARISON OF BIOCHEMICAL TESTIN{1 BY SCREENING MEDIA AND BY CLASSICAL METHODS
The biochemical reactions of stock cultures and 50 clinical isolates were compared on screening media and classical test media.
Reactions obtained for ornithine decarboxylase activity, inositol fermentation, and aesculin hydrolysis were identical by both methods. It was possible also, as in the screening media, to distinguish between the aesculin reaction of Pseudomonas spp and Klebsielleae on agar slopes. Similarly those bacteria showing late fermentation (2-6 days) in inositol peptone water corresponded with those showing only trace fermentation along the line of stab inoculation on the screening medium.
Identical results were also derived from phenylalanine deaminase and urease activity, although it was impossible on slope media to distinguish between the intensity of Proteus spp and Klebsiella spp urease activity. Contrary to the observations of Chadwick et al. (1974) , phenylalanine deaminase activity on the screening medium was demonstrated for all isolates of Proteus morganii.
Some variation in results obtained in 16-hour incubations were, however, observed with potassium cyanide (KCN) and Simmon's citrate media with stock cultures. Errors in determination of KCN resistance were often observed in our use of KCN broth (Rogers and Taylor, 1961) and we had much less difficulty in observing growth on an agar base. With Simmons's citrate medium the divergence in results was due to difficulties in discerning, after 16 hours' incubation, growth or indicator colour change in citrate agar distributed in Bijou bottles. Those cultures which, in conflict with screening medium results, were recorded as negative after 16 hours' incubation were always recorded as positive after 24-72 hours. No positive citrate result was encountered in Bijou bottles which was not accompanied by a similar result on the screening medium.
In summary, we may say that divergence of results resided mainly in the easier observation of reactions in media distributed in replidishes (Sterilin).
Repeated screening of stock cultures demonstrated the reproducibility of test medium results and therefore the biotype reaction patterns recorded. Reproducibility was further established when multiple isolates from one source were shown to give the same biotypic reaction pattern.
EFFECT OF INOCULUM SIZE ON RESPONSE PRODUCED ON SPECIFIC SCREENING MEDIA
The primary aim of this investigation was to establish conditions under which reproducible reaction patterns for bacterial isolates would be obtained from repeated isolations of the same bacterium or from repeated biochemical testing of the same isolate.
Conditions of medium preparation, medium dispensing, and test incubation conditions were readily standardised. However, since it was more difficult to standardise inoculum size, the effect of variations in inoculum size on specific test results during 16-hour incubations was evaluated. Each test medium was evaluated in turn in the presence of dilutions of organisms which gave known responses on those media (Table 1) .
A number of screening media, XLD agar, phenylalanine deaminase agar, and peptone waterused for detecting tryptophanase activity-are not included. In all cases these 3 tests gave the same result irrespective of inoculum size. Other media, clearly influenced by inoculum size, are considered in turn.
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- (4) -'(4) 3 + (3) \3 + (1) \2 + (9) \2 + (3) \2 + (3) lNT 2 + (7) f2 + (9) + (1) l + (7) + (7) NT + (0) - (0) + (0) T ( NT 3 + (7) 3-(7) 3 + (7) (Barr and Mahood, 1976 A total of 1659 isolates were screened by the methods described. All isolates except 21 of Pseudomonas spp were oxidase-negative, Gram-negative bacilli. The reactions obtained gave a total of 78 distinguishable patterns, the major 45 patterns being shown in Tables 2, 3 , and 4.
The reaction patterns expected for different species or genera on the basis of published reports are shown in Table 2 and confirmed with stock cultures in this study. The majority of isolates of each species, species group (for example, Klebsiella aerogenes/edwardsii/atlantae), or genus within the 1659 isolates investigated were identified by the characteristic patterns described. Thus, for example, 787 out of 827 isolates (95-1 %) of E coli, 180 out of 191 isolates (94-2 %) of K aerogenes/edwardsii/ atlantae, and 87 out of 132 isolates (65-9 %) of Table 2 were identified to genus or species level without further tests. The identification of a further 55 isolates to genus or species level was completed after further tests (Tables 3, 4) .
Three major biotypes typical of published reports of biochemical activity and 6 minor biotypic reaction patterns of E coli were recorded. The minor biotypes included those showing aesculin hydrolysis and inositol fermentation already described (Barr and Mahood, 1977) and did not hinder identification. Within this scheme Yersinia enterocolitica is differentiated from E coli on the basis of colour change on XLD agar and weak urease activity. Pasteurella pneumotropica is differentiated from Y enterocolitica on the basis of oxidase activity.
Among the Klebsielleae the rapid inositol fermenters K aerogenes, K oxytoca, and E aerogenes were clearly differentiated from one another and from other Klebsielleae the incidence of K oxytoca, (49-2%) of Klebsiella isolates, being considerably higher than in previous reports (Davis and Matsen, 1974) . Among other Klebsiella spp only Kpneumoniae could otherwise be differentiated, although stock cultures of K ozaenae could also be presumptively identified on the basis of slow inositol fermentation (Barr and Mahood, 1976 (Table 3) (Chadwick et al., 1974; Barr and Mahood, 1977 Reaction patterns given by eight major biotypes of Citrobacter spp are shown in Tables 2 and 4, the biotypes described in Table 4 requiring to be further tested by methyl-red and lysine decarboxylase tests to ensure differentiation from E cloacae. The major biotypes recorded ( Table 4 closely resembled C intermedius, C koseri, and the genus Levinea described by Young et al. (1971) . However, other intergrading isolates are also recorded, which could be expected from the number of species originally described by Werkman and Gillen (1932) . An additional five minor biotypes included other intergrading forms which produced indole and hydrogen sulphide either on XLD or inositol-hydrogen sulphide-motility medium. It has been noted in Table 2 All biotypes of Proteus rettgeri were readily differentiated from other Proteus spp on the basis of inositol fermentation, and were distinguished from Providencia stuartii by virtue of colony colour on XLD agar and strong urease activity. Proteus morganii isolates gave the most consistent reaction pattern and were immediately recognisable. Although no citrate positive isolates were reported here these would, should they arise, presumably readily be differentiated from indole-positive Proteus mirabilis isolates on the basis of colony colour on XLD agar and the absence of H.S production on inositol-H2S-motility agar.
As would be expected from such a study, the largest number of Proteus isolates were ascribed to the species P mirabilis and to biotypes related to P vulgaris, species which have shown in numerical taxonomic studies to be closely related (McKell and Jones, 1976) . Indeed, as shown in Tables 2, the presence of indole production among large numbers of P mirabilis isolates (46%) which has been previously noted by Matsen et al. (1972) The reproducibility of the screening tests was established by repeated testing with stock cultures and by the screening of multiple isolates of an organism from the same source on successive occasions. Indeed, by recognising biotypes it has often been possible to predict the source of a particular bacillus.
We have emphasised, however, that careful standardisation of techniques is required to obtain reproducible biotypic patterns. Of the possible valiables we have considered inoculum size to be critical, the importance of standardisation being, as reported, more important in some tests than in others. But we do not know of any case in which a positive reaction at one inoculum level was accompanied by a negative reaction with the use of a higher inoculum. We therefore suggest that using a heavy inoculum (at least 107 viable cells/ml), dispensed in the volume we used, should prevent the recording of false negative results in 16-hour incubations.
The system described is clearly adaptable to use with a multi-inoculator device, using replidishes as growth chambers, although it would then be necessary to ensure that a sufficiently high inoculum was delivered. By manual means, using Pasteur pipettes for inoculation, 50 cultures can be put through the system, with a total of two hours required for inoculum preparation, inoculation, and recording results.
